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^7 (57) Abstract: A tubular motor including a driving system and a winch mechanism enclosed within a common tubular housing, 
wherein: the driving system includes a DC motor and a unitary power supply, the unitary power supply being electrically connectable 
^ to an AC electricity source external to the housing and to the DC motor within the housing, and being adapted to convert AC electricity 
^ supplied by the AC electricity source into low voltage direct current electricity suitable for the DC motor, by transformation and 
^ rectification; and the winch mechanism is coupled to and driven by the DC motor. 
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TUBULAR MOTOR 

FIELD OF THE INVENTION 

The present invention relates to tubular motors in general, and, in particular, to 
tubular motors serving as driving systems for opening and closing vertically hanging 
5 planar structures, such as Venetian blinds, roller blinds, sash windows and the like. 

BACKGROUND OF THE INVENTION 
The tubular motor is a well-known means for the automated opening and 
closing of Venetian blinds, roller blinds and similar vertically hanging screens. 
Tubular motors for these purposes are typically required to provide torques of about 

10 5-50 Nm, and are generally powered by the mains electricity, as supplied by the 
distribution network. They consist of a tubular housing, usually a metal tube having a 
circular or a polygonal cross-section, which is insertable into the spindle (roller) of a 
roller blind, the headrail of a Venetian blind, or some similar, unobtrusive location. 
The tube contains both the driving system and the winch mechanism for folding, 

15 winding or otherwise displacing the hanging screen to which they are coupled. 

Tubular motors of the crowded prior art use either compact DC motors or 
asynchronic AC motors as the central element of their driving systems. When a 
tubular motor containing a DC motor is used, before it can be powered by an AC 
power supply, such as the mains, the supply current has to be rectified and 

20 transformed. Available transformers and rectifiers are too large to fit into the spindle 
or headrail of a blind, and a bulky, external power pack comprising these components 
is required, between the mains socket and the tube. Suitable power packs may be 
directly plugged into a mains outlet socket, but they are heavy, and have a tendency 
to pull the sockets out of the wall, or to damage their own pins. Alternatively, they 

25 may be wall-mounted under the spindle or headrail. Due to their bulk, these power 
packs are unaesthetic and generally awkward and inconvenient. On the other hand, 
AC motors, such as the common asynchronous cage-rotor type motors, do not require 
bulky rectifiers and transformers. However, to fit an AC motor of this type into a 
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motors, do not require bulky rectifiers and transformers. However, to fit an AC 
motor of this type into a^ narrow tube, costly monofilament wires are required for its 
coils. Apart from being relatively expensive, small AC motors of this type have only 
very low efficiency rates, of around 4-6%, and warm up rapidly in use. To protect 

5 the coils of fine wire from overheating and burning up, a thermostat, or other 
protective device, is used to cut the current supply after only about 4 minutes of 
operation. Additionally, mains driven AC motors are powered by relatively high 
voltage electricity: 120 V in the United States and 240 V in the UK and elsewhere. 
To enable the dispersion of heat, the housing for such motors is generally required to 

10 be heat conductive, and in consequence, is electrically conductive. The proper 
earthing of such devices is critical. 

Accordingly, there is a long felt need for a narrow tubular motor, suitable for 
mounting within the spindle or headrail of a blind, that can be connected straight to 
the mains electricity supply without requiring intermediate transforming / rectifying 

15 components mounted externally to the tubular motor housing. Preferably, such a 
tubular motor would have a relatively high efficiency rate, a low weight, and a 
simple construction, and would generally include, in addition to the driving system, a 
winch mechanism located within the housing. 

SUMMARY OF THE INVENTION 

20 The present invention provides a tubular motor comprising a driving system 

and a winch mechanism enclosed within a common tubular housing, where the 
driving system includes a DC motor and a unitary power supply situated within the 
housing, and being electrically connectable to an AC electricity source external to the 
housing, such as the mains, and to the DC motor within the housing, and being 

25 adapted to convert AC electricity supplied by the AC electricity source into low 
voltage direct current electricity suitable for the DC motor, by transformation and 
rectification. The winch mechanism is coupled to and driven by the DC motor of the 
driving system. 
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The tubular motor may be coupled to a vertical partition suspended from a 
horizontal bar, and enables the automated displacement of the vertical partition. 

Examples of such vertical partitions include Venetian blinds, curtains, roller 
blinds, fly screens, mosquito nets, sash windows, projection screens, chalk boards, 
5 marker boards and the like. 

The horizontal bar may itself constitute the aforementioned tubular housing. 

Preferably, the driving system further includes a drive unit that includes a 
logic circuit for controlling operation and braking of the DC motor, the logic circuit 
preferably is enabled to sense a current increase when the motor has reached an end 
10 course. 

The DC motor is preferably a collector type motor, including a solid magnet 
stator, and a wire coiled collector rotor, having three or more electromagnetic poles. 

The winch mechanism preferably includes a planetary reduction gear, such as 
a three-stage gear, for example. 

15 Preferably, the tubular housing is electrically insulating, and is less than IV2 

inches wide, and may be as little as 1 inch wide. 

Preferably the tubular motor includes a battery for providing direct current, 
serving as a back up in the event of failure of the AC power source. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be further understood and appreciated from the 
following detailed description taken in conjunction with the drawings in which: 
5 Fig. 1 is a schematic block diagram showing the main components of a 

generalized embodiment the tubular motor of the present invention. 

Fig. 2 is a sectional view of a tubular motor constructed and operative in 
accordance with one embodiment of the present invention. 

Fig. 3 is a schematic illustration of a tubular motor according to the invention 
10 mounted in the headrail of a Venetian blind. 

Fig. 4 is a schematic illustration, of a tubular motor according to the invention 
mounted in the spindle of a roller blind. 

Fig. 5 is a circuit diagram of an exemplary drive unit. 
Fig. 6 is a circuit diagram of an exemplary power supply unit. 
15 Fig. 7 is an engineer's plan of the DC motor of a working prototype tubular 

motor. 

Fig. 8 is a graphical representation summarising the characteristics provided 
by the working prototype tubular motor. 
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DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to a tubular motor including a driving system, 
and a winch mechanism housed within a tubular housing. The driving system 
includes a DC motor and a unitary power supply mounted together within the tubular 

5 housing. The unitary power supply converts AC electricity from an external source, 
such as the mains, to the DC electricity required by the DC motor, by transforrning 
and rectification. The winch mechanism includes a gear system and a drum, spool or 
reel, and is coupled to and driven by the DC motor of the driving system. Because of 
the revolutionary motor design and the use of an oscillatory switching power supply, 

10 the diameter of the tubular housing may be as little as 1", and the tubular motor can 
thus be mounted within the headrail of a Venetian blind or within the spindle of a 
roller blind. The tubular motor may be connected to the AC mains electricity supply 
via a simple two- or three-wire power cord tenninating in a regular electrical plug, 
Without requiring any external transforming or rectifying. This approach overcomes 

15 both the external power pack disadvantage of the conventional DC-type tubular 
motors and the cost and overheating disadvantages of the AC-type tubular motors of 
the prior art, thus providing a cost-effective, reliable, compact tubular motor. 

Reference is now made to Figure 1, which is a schematic cross-sectional 
block diagram showing the main components of a tubular motor 2 of the present 

20 invention, consisting of a drive system 4 and a winch mechanism 6, coupled to and 
driven by the drive system 4. Drive system 4 and winch mechanism 6 are packaged 
within a tubular housing 8. The drive system 4 typically includes a drive circuit 10 
and a unitary power supply 12 electrically connected to a DC motor 14. The unitary 
power supply 12 is plugged into an AC electricity source, such as the mains, and 

25 converts alternating current as supplied by the mains (1 10 V in the USA, 220 V in 
Israel, 240 V in the UK, etc.) to a low voltage direct current, generally 24 Volt, 
suitable for the DC motor 14, by transformation and rectification. 

The rotor of the DC motor 58 is connected to the winch mechanism 6, which 
typically includes a planetary gear box 16 having 3 or 4 stages, and a drive shaft 18, 

30 usually having a polygonal cross-section, such as a hexagonal or square 
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cross-section. By suitably connecting the drive shaft 18 to a vertically hanging 
screen, the tubular motor 2 enables the automated displacement of the vertically 
hanging screen. La the case of a roller blind, for example, the tubular motor 2 is 
mounted within the roller spindle of the blind and the drive shaft directly turns the 
5 roller spindle to raise or lower the blind. In a Venetian blind, for example, the tubular 
motor 2 is mounted within the headrail of the blind, and the drive shaft will rotate a 
drum onto which the lift cord is wound. 

Tubular housing 8 is generally a dedicated housing for the tubular motor, 
providing a unitary tubular motor that can be attached to or detached from the 

10 application to which it is connected. In some embodiments, the headrail of the 
Venetian blind, or other horizontal bar from which a vertical partition is suspended, 
is itself the housing of the tubular motor. While conventionally a tubular motor is 
cylindrical in shape, this is not required. Rather, the tubular housing may be any 
narrow sleeve of any cross-section into which the components, including the unitary 

15 power supply and DC motor, are packed. 

Reference is now made to Figure 2, which shows in sectional view, a tubular 
motor 20 constructed and operative in accordance with one embodiment of the 
present invention. Tubular motor 20 includes a driving system 24 and a winch 
mechanism 26. The driving system 24 comprises a drive unit 30 and a unitary power 

20 supply 32 electrically connected to a DC motor 34, to power and control the 
operation thereof. The unitary power supply 32 transforms and rectifies alternating 
current as supplied by the mains, to a low voltage direct current, generally 24 Volt, 
suitable for the DC motor 34. It will be noted, that drive unit 30, unitary power 
supply 32 and DC motor 34, are seated in a tubular housing 35, preferably formed of 

25 plastic. It is a particular feature of the present invention that the motor housing need 
not be formed from a heat conducting material such as metal, and a light weight 
plastic housing that provides double insulation may be used. At the end of the tubular 
housing 35 is a static motor support 37, which may include a square clip to anchor 
the motor in the desired location. 
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The winch mechanism 26 essentially consists of a multi-stage planetary 
gearbox 36 for driving a rotating drive shaft 38. The gearbox 36 is inset into the 
tubular housing 35, and does not need to be fully enclosed thereby. The gearbox 36 
also has locking means 40 thereon, enabling the tubular motor 20 to be physically 
5 attached to its location and preventing it from freely spinning, such that the torque 
produced between the rotor and stator elements is totally applied to the drive shaft. 

The inlet of power supply unit 32 is electrically connected to the AC mains 
power source, (typically, 220 Volt or 110 Volt), and supplies a direct current at its 
outlet to DC motor 34. The DC motor 34 is preferably of the collector type, 

10 consisting of a solid magnet stator, and a wire coiled collector rotor 58, having three 
or more electromagnetic poles. It will be appreciated that DC motor 34 can be of any 
suitable voltage, such as 24 volts, 12 volts, 36 volts, etc. The output of the power 
supply unit 32 is designed to provide the appropriate voltage as required by the 
specific motor selected, which is a design criterion that is very application specific. 

15 The rotor 58 of motor 34 is coupled to the gearbox 36, which is a 

conventional 3-stage planetary reduction gear. This includes: a static corona gear 42, 
a pinion support 44 and three satellite gears 46, in the first stage; a pinion support 48 
and three satellite gears 50 in the second stage; and a pinion support 52, three 
satellite gears 54, and a static corona gear 56 in the third stage. The planetary 

20 gearbox 36 provides a reduction ratio of approximately 1 :500-l :250. 

A tube spacer and noise suppressor 59 is preferably provided around the 
motor 34, inside the tubular drive system's housing 35. This ensures the quiet 
operation of the tubular motor 20. 

The drive unit 30 is the logistics unit, responsible, among others, for the 

25 following desired operation functions: 

a. Changing the direction of rotation of the motor, upon manual operation 
of an external switch; 

b. Switching the motor on and off; 
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c. Automatic stop at the end course, due to the sensitivity of the motor to 
the Current increase at the end course (the increase of the outlet torque), created by 
mechanical stoppers which prevent further rotation of the shaft; 

d. When the electric supply is switched off (i.e., the actuating switch is 
5 turned off), the current supply poles are shorted, acting as a brake, and causing the 

motor to stop. 

Alternatively, however, the tabular motor can include alternative stopping 
means such as brakes and / or revolution counters, as known. 

The tubular motor of the preferred embodiment is mechanically simple. It may 
10 fulfill its function without many of the conventional elements required by tubular 
motors of the prior art, such as a metal sleeve, capacitor, brake system, and rotating 
counter (either mechanical or electronic). The motor senses the force or power which 
is generated as a result of the end of the action it was directed to perform, and brakes 
itself. 

15 The tubular motor of the preferred embodiment has a moment of rotation of a 

few tens of Newton meters (Nm), and a speed of a few tens of rotations per minute. 
Since the preferred embodiment is a narrow tubular motor 20', being as little as 1 
inch wide, its structure permits its insertion into any narrow bar. For example, the 
tubular motor 20' may be mounted within the headrail 70 of a Venetian blind 72 as 

20 shown in Figure 3; in which case, the wind mechanism may preferably be adapted to 
additionally allow the tilting of the slats 74. Alternatively, the tubular motor 20' may 
be mounted within the spindle 76 of a roller blind 78, as shown in Figure 4. 

In addition to Venetian blinds 72 and roller blinds 78, other applications for 
such tubular motors include the automated raising and lowering of a wide range of 

25 vertical partitions, such as fly screens and mosquito nets, projection screens and sash 
windows. Mounted vertically, or when adapted by a suitable coupling mechanism, 
such tubular motors can also be used to open and close curtains, vertical blinds 
(made from vertical slats) and the like. Indeed, such tubular motors can be used for 
displacing many devices that hang vertically. They may even be used for automating 

30 the opening and closing of barriers for parking lots. The exact size and cost of the 
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tubular motor will depend on the torque required, which is a function of the specific 

application. However, even heavy loads such as sash windows, or chalk boards or 

marker boards in lecture theatres, can be raised and lowered by relatively small 

tubular motors, if they are properly counter-weighted. 
5 Using a compact DC type tubular motor of the present invention, instead of an 

AC asynchronous type tubular motor for raising and lowering or otherwise 

displacing vertical screens provides many advantages: 

1. The motor weighs only about 1/4 to 1/3 as much as an AC 

asynchronous-type motor of similar power, and is significantly cheaper. 
10 2. The drive circuit cuts the power to the DC motor when the strain on it 

changes significantly, thus the tubular motor senses the increase of the torque 

indicating the end course and stops itself, no extra mechanical braking system or 

revolving counter being required. 

3. Having a relatively high electromechanical efficiency, it does not warm 
15 up rapidly, so it can operate continuously, and does not need to have its power cut 

after a few minutes to prevent it overheating. 

7. Due to its high efficiency relative to an AC asynchronous motor, only a 
fraction of the power is needed. Apart from energy saving, this enables the tubular 
motor to be temporarily powered by disposable or rechargeable batteries, to provide 

20 a back-up power source, in case of a failure of the mains power, for example. 

8. Unlike the tubular motor using an AC asynchronous type motor of the 
prior art, operation of the DC type tubular motor of the present invention does not 
generate large quantities of heat, requiring quick dissipation. Thus, no metal or 
vented housing is required. Optionally and preferably, the tubular housing may be 

25 made of an insulating material such as plastic. Being doubly isolated, there is no 
need for a grounding wire, and simple, unobtrusive, flat two-wire cord may be used 
for connecting the tubular motor to the mains electricity. 

Compared with the DC tubular motors of the prior art, the tubular motor of the 
present invention has the advantage that it may be powered by plugging into the 
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mains, without the requirement an unsightly, bulky power pack somewhere along the 
power cord, external to the tubular motor housing. 

Example 

Reference is now made to Fig. 5, which is a circuit diagram of one 
embodiment of a drive unit 10', to Fig. 6, which is a circuit diagram of one 
embodiment of a unitary power supply 12', and to Fig. 7, which is an engineer's plan 
of the DC motor 14' of a working prototype tubular motor 2'. These Figures, when 
studied with Tables 1 and 2, provide full parts lists of an exemplary example of how 
the tubular motor of the present invention may be realised. 
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Table 2. Parts List for Exemplary UnftaryPower Supply 12' 
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Table 3 and Fig. 8 summarise the characteristics provided by the working 
prototype tubular motor 2'. It will be noted that the mechanical efficiency of 
exemplary tubular motor 2' is very high, compared to conventional AC-type tubular 
motors, about 50-60%, since the motor is not asynchronous. 

It will be appreciated that the invention is not limited to what has been 
described hereinabove merely by way of example. Rather, the invention is limited 
solely by the following claims. 
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CLAIMS 

1 . A tubular motor comprising: 

a driving system and a winch mechanism enclosed within a common tubular 
housing, wherein 

said driving system includes a DC motor and a unitary power supply, said 
unitary power supply being electrically connectable to an AC electricity source 
external to said housing and to said DC motor within said housing, and being 
adapted to convert AC electricity supplied by said AC electricity source into 
low voltage direct current electricity suitable for said DC motor, by 
transformation and rectification; and 

said winch mechanism is coupled to and driven by said DC motor. 

2. A tubular motor as claimed in claim 1, wherein said tubular motor is coupled 
to a vertical partition suspended from a horizontal bar, and said tubular motor 
enables an automated displacement of said vertical partition. 

3. A tubular motor as claimed in claim 2, wherein said vertical partition is 
selected from the group consisting of a Venetian blind, a curtain, a roller blind, 
a fly screen, a mosquito net, a sash window, a projection screen, a chalk board 
and a marker board. 

4. A tubular motor as claimed in claim 2 or 3, wherein said horizontal bar 
constitutes said tubular housing. 

5. A tubular motor as claimed in any of the preceding claims, wherein said 
driving system further comprises a drive unit that includes a logic circuit for 
controlling operation and braking of said DC motor. 

6. The tubular motor according to claim 5, wherein said logic circuit is enabled 
to sense a current increase when said motor has reached an end course. 

14 
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7. A tubular motor as claimed in any of the preceding claims, wherein said DC 
motor is a collector type motor including a solid magnet stator, and a wire 
coiled Collector rotor, having three or more electromagnetic poles. 

8. The tubular motor as claimed in any of the preceding claims, wherein said 
winch mechanism includes a planetary reduction gear. 

9. The tubular motor according to claim 7, wherein said planetary reduction gear 
is a three-stage gear. 

10. The tubular motor according to any of the preceding claims, wherein said 
tubular housing has at least one of the following characteristics 

(a) said tubular housing is electrically insulating. 

(b) said tubular housing is less than 1 l A inches wide. 

11. The tubular motor according to any of claims 1 to 10, further comprising a 
back-up battery as an alternative power source for powering said DC motor. 



15 





2/5 



WO 02/48497 



PCT/IL01/01145 




WO 02/48497 



PCT7IL01/01145 




■ in i »i— * • ■ v ■ ink. v %■ xwi ■ x 1 



PCT/IL 01/01145 



A. CLASSIFICATION OF SUBJECT MATTER , 

IPC 7 E06B9/72 E06B9/32 



According to Internationa) Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 7 E06B 



Documentation searched other than minimum documentation to the extent that such documents are Included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 

EPO-Internal , WPI Data, PAJ 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category ° Citation of document, with Indication, where appropriate, of the relevant passages 



Relevant to claim No. 



EP 1 013 872 A (MITJAVILA RAYMOND) 
28 June 2000 (2000-06-28) 
column 6, line 21 - line 27 

column 7, line 26 - line 34; figures 1,2 

FR 2 782 857 A (FONDEVILLA CALDERON 
JOAQUIN) 3 March 2000 (2000-03-03) 
page 5, line 17 - line 25; figure 5 
page 6, line 31 -page 7, line 16; figure 5 

DE 44 40 449 A (ELERO ANTRIEB 
S0NNENSCHUTZ) 29 June 1995 (1995-06-29) 
column 1, line 62 - line 67; figure 1 



1-5,8,9, 
11 

6 

1-5 



□ 



Further documents are listed In the continuation of box C. 



|)( [ Patent family members are listed In annex. 



° Special categories of died documents : 

'A' document defining the genera) state of the art which Is not 
considered to be of particular relevance 

"E* earlier document but published on or after the International 
filing date 

document which may throw doubts on priority claim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

a O a document referring to an oral disclosure, use, exhibition or 
other means 

■P' document published prior to the International filing date but 
later than the priority date claimed 



•T" later document published after the International filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

'X* document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document Is taken alone 

■y document of particular relevance; the claimed invention 
cannot be considered to involve an inventive step when the 
document Is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

'&■ document member of the same patent family 



Date of the actual completion of the international search 



15 April 2002 



Date of mailing of the international search report 

23/04/2002 



Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Patentraan 2 
NL - 2280 HV Rijswijk 
Tel. (+31-70) 340-2040. Tx. 31 651 epo nl, 
Fax (+31-70) 340-3016 



Authorized officer 



Peschel, 6 



Information on patent family members 



PCT/IL 01/01145 



Patent document 




Publication 




Patent family 


Publication 


cited In search report 




date 




member(s) 


date 


EP 1013872 


A 


28-06-2000 


FR 


2787501 Al 


23-06-2000 








EP 


1013872 Al 


28-06-2000 



FR 2782857 


A 


03-03-2000 


ES 
DE 
FR 


1042589 Ul 
29911261 Ul 
2782857 A3 


16-09-1999 
16-09-1999 
03-03-2000 


DE 4440449 


A 


29-06-1995 


DE 


4440449 Al 


29-06-1995 








DE 


9421948 Ul 


05-02-1998 








EP 


0716214 A2 


12-06-1996 








US 


6215265 Bl 


10-04-2001 



